Non-canonical function of a small-molecular virulence factor coronatine against plant immunity: An In vivo Raman imaging approach Applied Chemistry, Department of Nanopharmaceutical Sciences, Nagoya Institute of Technology, Gokiso-cho, Showa-ku, Nagoya 466-8555, Japan.
Table of Contents:
Figures S1-S10 2 Scheme S1 12 The numbers of downregulated gene expressions (more than twofold) with 1, ent1 or 3-ent4, compared to mock treatment are presented (1, ent1 or 3-ent4 respectively). IAA was used as a positive control. Dashed line indicates the mean stomatal aperture in the control experiment without test compound in which Arabidopsis leaf peels with closed stomata were incubated in MES buffer (pH 6.2) containing 2% EtOH. Bars represent the mean stomatal aperture with SE (n = 20 stomata). Different letters indicate significant differences between means (ANOVA: P < 0.05). Raman spectra in living guard cells of arc6-1 were obtained after 3-hour treatment by 100 µM 5 (left)/ent5 (right). Averaged Raman spectra were presented for each subcellular area (1.2 µm× 1.1 µm: 3 × 3 = 9 pixels), nuclear region in red, perinuclear region in orange, vacuole in cyan or blue, plasma membrane (dorsal) in yellow or green and plasma membrane (ventral) in purple of the guard cell. The light intensity at the sample plane was calculated as 6.2 mW/µm 2 from the ratio of the measured laser power between the sample position and the area of the illumination line. The exposure time for each line was 120 s. Spectra were vertically offset for ease viewing. µm × 1.1 µm: 3 × 3 = 9 pixels) of (a). 
SI Materials & Methods

Microarray analysis
Total RNA was extracted from roots from 7-day-old seedlings using RNeasy Plant Mini Kit (QIAGEN, Germany). cDNAs were synthesized using 1.0 µg of total RNA and labeled with one color (Cy3) using a Quick Amp labeling kit (Agilent Technologies, USA), followed by fragmentation and hybridization to the Arabidopsis Oligo 44K DNA microarray (Ver. 4.0, Agilent Technologies, USA). Following fragmentation, 1.65 ug of cRNA were hybridized to the Agilent expression microarray according to the protocols provided by the manufacturer. All arrays were scanned with a microarray scanner (G2505B, Agilent Technologies, USA) and analyzed using Agilent Feature Extraction v11 (Agilent Technologies, USA). For microarray analysis, raw data were first filtered by a flag signal detected in all samples. Filtered raw data were processed using the Limma Bioconductor package (http://www.bioconductor.org/) in the R statistical environment (http://www.r-project.org/). After quantile normalization of data, miRNAs with twofold or greater differential expression were identified, with P-values of <0.05
being considered statistically significant.
Experimental Procedures for Raman Imaging and Spectroscopy
Experimental procedures used for Figure S3 : Raman spectra obtained with a RAMAN-11 slit-scanning Raman microscope (Nanophoton, Japan) at 532 nm excitation. Samples were placed on a quartz substrate during the measurements. The laser output was focused into the sample by a 60X/1.2 NA UPLSAPO 60XW water immersion objective lens (Olympus Corp., Japan). The slit width of the spectrograph was 70 µm. The light intensity at the sample plane was calculated as 6.0 mW/µm 2 from the ratio of the measured laser power between the sample position and the area of the illumination line. The exposure time for each line was 120 s/line.
Each sample solution was measured at 4 times.
Experimental procedures used for Figure 4:
The abaxial leaf epidermis of 6-to 8-week-old Col-0 or coi1-16s was peeled and cut to about 2 mm 2 . The peels were submerged in buffer (10 mM MES-KOH, pH 6.2, 50 mM KCl) at 22 °C for 3 h in the dark to close the stomata. After incubation for 3 h with 100 µM 5/ent5 at 22 °C in the dark, peels were washed and then used for observation of bright-field images and Raman spectra obtained with a RAMAN-11 slit-scanning Raman microscope at 532 nm excitation. Samples were placed on a quartz substrate during the measurements. The laser output was focused into the sample by a 60X/1.2 NA UPLSAPO 60XW water immersion objective lens. The slit width of the spectrograph was 50 µm. The exposure time for each line was 120s/line. The laser intensity was calculated from the ratio of the measured laser power at the sample position and the illumination line. The light intensity at the sample plane was calculated as 6.2 mW/µm 2 (Col-0 with 5), 6.1 mW/µm 2 (Col-0 with ent5), 5.9 mW/µm 2 (coi1-16s with 5), and 5.8 mW/µm 2 (coi1-16s with ent5). Each Raman Spectra was Smoothed using a moving average method.
Experimental procedures used for Figure S5 : The abaxial leaf epidermis of 6-to 8-week-old
Col-0 or arc6-1 was peeled and cut to about 2 mm 2 . The peels were submerged in buffer (10 mM MES-KOH, pH 6.2, 50 mM KCl) at 22 °C for 3 h in the dark to close the stomata. After incubation for 3 h with 100 µM 5/ent5 at 22 °C in the dark, peels were washed and then used for observation of bright-field images and Raman spectra obtained with a RAMAN-11 slit-scanning Raman microscope at 532 nm excitation. Samples were placed on a quartz substrate during the measurements. The laser output was focused into the sample by a 60X/1.2 NA UPLSAPO 60XW water immersion objective lens. The slit width of the spectrograph was 50 µm. The exposure time for each line was 120 s/line. The laser intensity was calculated from the ratio of the measured laser power at the sample position and the illumination line. The laser intensity of Col-0 was 6.2 mW/µm 2 , arc6-1 was 5.8 mW/µm 2 . For Raman images in Fig. S3 , the Raman spectral data set was un-processed Raman images were reconstructed using the peak intensity of average intensity of silent region (1985-2315 cm -1 ). The final Col-0 images consist of 79 × 37 pixels and the final arc6-1 images consists of 69 × 31 pixels.
Experimental procedures used for Figure 5 and Figures S7 and S8: The abaxial leaf epidermis of 6-to 8-week-old arc6-1 was peeled and cut to about 2 mm 2 . The peels were submerged in buffer (10 mM MES-KOH, pH 6.2, 50 mM KCl) at 22 °C for 3 h in the dark to close the stomata. After incubation for 3 h with 100 µM 5/ent5 at 22 °C in the dark, peels were washed and then used for observation of bright-field images and Raman spectra obtained with a RAMAN-11 slit-scanning Raman microscope at 532 nm excitation. Samples were placed on a quartz substrate during the measurements. The laser output was focused into the sample by a 60X/1.2 NA UPLSAPO 60XW water immersion objective lens. The slit width of the spectrograph was 50 µm. The exposure time for each line was 120-150 s/line. The laser intensity was calculated from the ratio of the measured laser power at the sample position and the illumination line. The light intensity at the sample plane was calculated as 6.0-6.2 mW/µm 2 (arc6-1 with 5), 6.2 mW/µm 2 (arc6-1 with ent5). Figures S7 and S8 , each Raman Spectra was smoothed using a moving average method.
For Raman Spectra in
Experimental procedures used for Figure S10 : The abaxial leaf epidermis of 6-to 8-week-old arc6-1 was peeled and cut to about 2 mm 2 . The peels were submerged in buffer (10 mM MES-KOH, pH 6.2, 50 mM KCl) at 22 °C for 3 h in the dark to close the stomata. After co-incubation for 3 h with 100 µM 1 and 100 µM 5 at 22 °C in the dark, peels were washed and then used for observation of bright-field images and Raman spectra obtained with a RAMAN-11 slit-scanning Raman microscope at 532 nm excitation. Samples were placed on a quartz substrate during the measurements. The laser output was focused into the sample by a 60X/1.2 NA UPLSAPO 60XW water immersion objective lens. The slit width of the spectrograph was 70 µm. The exposure time for each line was 120 s/line. The laser intensity was calculated from the ratio of the measured laser power at the sample position and the illumination line. The light intensity at the sample plane was 6.0 mW/µm 2 . Each Raman Spectra was smoothed using a moving average method.
For Raman images in Figures 5 and S10 , the Raman spectral data set was further processed using the singular value decomposition (SVD) technique for noise reduction 44 . Then we used a narrow spectral region (1985-2315 cm -1 ) in the calculation procedure for SVD to avoid artifacts in constructed images. A modified polyfit technique 45 was then used at each pixel to determine the autofluorescence baseline signal, which was subtracted from the original Raman spectrum.
After SVD processing. Raman images were reconstructed using the peak intensity of diyne at 2,258 cm −1 . The final 5 images consist of 58 × 28 pixels and the final ent5 images consists of 78 × 34 pixels ( Figure 5 ). The final 1 and 5 co-incubated images consist of 57 × 27 pixels ( Figure   S10 ).
.
Experimental Procedures for Fluorescence Imaging
Experimental procedures used for Figure S5 : To examine nuclear and ER localization, the abaxial leaf epidermis of 6-to 8-week-old Col-0 or arc6-1 was peeled and cut to about 2 mm 2 .
Light micrographs and fluorescent images were taken using an IX71 microscope (Olympus Corp., Japan) equipped with DP72 CCD camera (Olympus Corp., Japan) and WIB filter (Olympus Corp., Japan). Green (Thermo Fisher Scientific, Inc., USA). Light micrographs and fluorescent images were taken using or an LSM-710 confocal microscope system (Carl Zeiss, Germany).
Experimental procedures used for
General Experimental Procedures for Chemical Synthesis
1 H NMR and 13 C NMR spectra in CDCl 3 were recorded on a JNM-ECS-400 NMR spectrometer (JEOL Inc., Japan). High-resolution electrospray ionization mass spectrometry was carried out on a micrOTOF II mass spectrometer (Bruker Daltonics Inc., Germany).
Chemical reagents and solvents were purchased from Kanto Chemical Co. Ltd. (Japan), Wako Pure Chemical Industries Co. Ltd. (Japan), and Nacalai Tesque, Inc. (Japan). All anhydrous solvents were dried by standard techniques and freshly distilled before use or purchased in anhydrous form. Flash chromatography was carried out using dry-packed Chromatorex PSQ 100B silica gel (Fuji Silysia Chemical Ltd., Japan). All reactions were carried out under air unless stated otherwise. FT/IR spectra were recorded on a JASCO FT/IR-4100 spectrometer (JASCO Inc., Japan). Optical rotation was measured by a JASCO DIP-1000 polarimeter. High performance liquid chromatography was carried out with a combination of a JASCO PU-2086
Plus pump and JASCO UV-2075 detector equipped with a Develosil RP-AQUEOUS φ20 × 250 mm column (Nomura Chemical, Co., Ltd., Japan). Freeze-drying was performed using a EYELA FDU-830 freeze dryer system (Tokyo Rikakikai Co., Ltd., Japan).
Experimental Procedures for Synthesis and compound data
To a solution of L-propargylglycine [CAS No.23235-01-0] (113.1 mg, 1.00 mmol) in THF/DMF/H 2 O (1/1/1, 12.0 mL) was added di-tert-butyl dicarbonate (250 µL, 1.09 mmol) and K 2 CO 3 (139 mg, 1.00 mmol) at room temperature under argon atmosphere. After the reaction mixture was stirred for 2 h, the mixture was extracted by saturated aqueous NaHCO 3 . (3 × 30 mL). The aqueous layer was mixed with 5% aqueous KHSO 4 (150 mL) and extracted with EtOAc (3 × 50 mL). The organic layer was dried over Ns 2 SO 4 , and filtered. After evaporation, the residue was dissolved in CHCl 3 /MeOH (3/1, 8.0 mL) and mixed with 1.6 M trimethylsilyldiazomethane in n-hexane (2.0 mL) at room temperature under argon atmosphere.
After the reaction was stirred for 10 min, the reaction was quenched by acetic acid and then the mixture was evaporated. Methyl (S)-2-((tert-butoxycarbonyl)amino)nona-4,6-diynoate (7) To a solution of 6 (132.1 mg, 0.581 mmol) in piperidine (2.5 mL) was added 1-butynyl iodide ] (100 µL, 0.966 mmol) and copper (I) iodide (57 mg, 29.9 µmol) at 0 °C under argon atmosphere. After 4 h stirring, the reaction was quenched with 5 % aqueous KHSO 4 (30 mL). The reaction mixture was extracted with EtOAc (3 × 20 mL), and then the organic layer was dried over Na 2 SO 4 and filtered. After evaporation, the residue was purified by silica gel column chromatography (n-hexane/EtOAc = 15/1) to give 7 (111. Methyl (S)-2-((3aS,6R,7aS)-6-ethyl-1-oxo-2,3,3a,6,7,7a-hexahydro-1H-indene-4-carboxamido)nona-4,6-diynoate (5)
